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Delivery of antisense oligonucleotides and transferrin receptor antibody in 
vitro and in vivo using a new multifunctional drug delivery systenn based on 

polymalic acid 



Introduction: 

Specific targeted drug delivery is crucial for treating tumors and reducing 
side effects to normal cells. Simultaneous inhibition of a plurality of molecular 
targets and at different steps of the protein synthesis process can be more 
effective in preventing tumor growth and progression than inhibition of a single 
protein synthesis step. 

Methods: 

We have designed and constructed a multifunctional drug delivery system 
consisting of a molecular construct comprising molecular modules attached to the 
pending carboxyl groups of a polymalic acid backbone. The polymalic acid polymer 
is a natural product of Physarum po/ycephalum. The modules are (1 ) Morpholino 
antisense oligonucleotides attached to the scaffold by a disulfide linkage, which is 
cleaved in the cytoplasm to release the free drug, (2) an antibody against 
transferrin receptor for cancer cell targeting and receptor-mediated endocytosis, (3) 
short chain PEG-coupled L-leucine and directly coupled L-valine, both by amide 
bonds, to provide pH-dependent lipophilicity to disrupt endosomal membranes, (4) 
long chain PEG for protection, (5) fluorescent reporters (fluorescein or Cy5) to 
detect the construct within tissues and cells. Drug penetration was detected 
immunohistochemically using U87-MG glioblastoma multiforme cell line in vivo and 
in vitro. Double staining was performed to visualize transferrin receptor antibodies 
in conjunction with the fluorescein reporter. 

Results: 

The functional effect of module 1 (Morpholino antisense against laminin 
chains) was detected by immunostaining for laminin alpha 4 and beta 1 laminin 
chains. The antisense oligonucleotide should block the synthesis of these laminins. 
Immunostaining showed significant difference between drug-treated and untreated 
tumors. Laminin protein synthesis was blocked both in vitro and in vivo. The 
functional effect of module 2 (antibody against transferrin receptor) was detected 
in cell cultures. The labeled polymalic acid and transferrin receptor antibody were 
visible in the cytoplasm equally at different time points (1 and 3 hours) after 
incubation. In vivo, similar results were achieved on frozen sections of rat brain 
tumor cells, which were stained more intensely than non-tumor brain cells. This 
indicates that the targeting effect of the transferrin receptor antibody was 
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discernible. The drug itself was not toxic in three different concentrations in vitro 
and in vivo. 

Conclusion: 

A multifunctional drug delivery construct based on polynnalic acid can be 
efficacious for transferring antisense oligonucleotides together with monoclonal 
antibodies into the tumor cell probably using the mechanism of receptor-mediated 
endocytosis and endosomal rupture. Antisense effect in blocking the laminin 
protein synthesis was confirmed both in vitro and in vivo. 
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